Pb/ 204 Pb ratios than the granites. Because the mafic magmas are only slightly more isotopically evolved than the granites, geochemical variation within the granites is not easily explained in terms of contamination of a depleted-mantle component by partial melts of ancient, high-silica continental crust. Rather, these data are consistent with an interpretation that the El Capitan Granite was derived by partial melting of relatively young mafic sources broadly similar to the mafic rocks of the suite.
INTRODUCTION
The importance of mafic magmatism for the generation of calc-alkalic plutons and batholiths in convergent-margin settings is widely acknowledged. Mafic magmas that are underplated beneath or injected into the lower crust have been called upon as thermal triggers for lower-crustal partial melting (e.g., Hildreth, 1981; Bergantz, 1989) , parental magmas for crystallization differentiation (e.g., Bowen, 1928, Bateman and Chappell, 1979) , and endmember components of magma mixing (e.g., Allègre and Othman, 1980; Castro et al., 1991) .
Historically, large-scale mafic magmatism in ancient arc settings has been inferred largely from geochemical and isotopic studies of the granites (sensu lato) that dominate the upper-crustal parts of arcs. Because of the relative rarity of mafic plutons in granitic batholiths, and perhaps also because of the entrenched notion that mafic plutons are ''precursors'' to the granites, only a few studies of the Sierra Nevada, for example, have examined the relationships between larger exposures of mafic rocks and the nearby granites (Frost and Mahood, 1987; Bradford, 1995; Coleman et al., 1995; Sisson et al., 1996) . Much more common are studies of smallerscale mafic enclaves-quenched volumes of basaltic to dioritic magma entrained within silicic magma chambers (e.g., Furman and Spera, 1985; Barbarin, 1990; Dorais et al., 1990; Didier and Barbarin, 1991) . Geochronologic studies of mafic plutons also lag behind those of the more voluminous granites. Relating map-scale exposures of mafic rocks within batholiths to crustal-scale arc petrogenesis remains an important goal in igneous petrology. In this paper we present new field, geochronologic, geochemical, and isotopic data bearing on the relationship of the granitic rocks in western Yosemite Valley to nearby mafic plutonic rocks.
GEOLOGIC SETTING
Yosemite Valley is located in the west-central part of the Sierra Nevada batholith, California. The geology of the western half of the valley ( Fig. 1) is dominated by middle Cretaceous (ca. 100 Ma; Stern et al., 1981) granitic rocks associated with the intrusive suite of Yosemite Valley (Bateman, 1992) . In the vicinity of Yosemite National Park, plutonic rocks of this suite intrude Paleozoic metasedimentary rocks and granodioritic and tonalitic plutons of the Fine Gold Intrusive Suite (ca. 115 Ma; Bateman, 1992) . In the eastern half of Yosemite Valley, granites of the intrusive suite of Yosemite Valley are intruded by Late Cretaceous granodiorites and granites related to the Tuolumne Intrusive Suite (Bateman, 1992) , which were emplaced from 95 to 85 Ma (Fleck et al., 1996; Coleman and Glazner, 1997) . Intrusive relationships (Calkins et al., 1985) and geochronologic data (Stern et al., 1981) indicate an eastward shift in the locus of magmatism through the Yosemite region during the Cretaceous, a pattern that is reflected in the Cretaceous batholith as a whole (Bateman, 1992) .
ROCK UNITS AND FIELD RELATIONSHIPS
Rock units that are currently assigned to the intrusive suite of Yosemite Valley are the El Capitan and Taft Granites (Bateman, 1992) . The El Capitan Granite is the older and more voluminous unit of the two and tends to surround smaller masses of Taft Granite. Our field work suggests that mafic enclaves, schlieren, small pods of mafic rocks, and the diorite of the Rockslides mafic complex are spatially and temporally associated with the El Capitan Granite, whereas the Taft Granite is similarly associated with mafic enclaves, schlieren, and the large mafic dike complex that is visible on the North America Wall of El Capitan (Reid et al., 1983) . A steeply dipping, north-northwest-striking foliation is present in many of these rocks; we interpret all foliation described herein to be magmatic. Mafic rocks continue to be spatially associated with these granites for ϳ10 km to the south, but we have focused almost exclusively on the Yosemite Valley, where a variety of mafic to felsic rock units associated with the intrusive suite of Yosemite Valley are exposed nearly continuously over a 1.2 km vertical section.
Granites
The El Capitan Granite, the dominant geologic unit within the western half of Yosemite Valley (Fig. 2) , ranges from coarse-grained biotite granodiorite to biotite granite and is equigranular to porphyritic with potassium feldspar megacrysts (Bateman, 1992) . Although the granite shows some limited variability in composition and texture, these features do not appear to describe a regular pattern as for zoned plutons. Concordant U-Pb zircon data suggest an age of 102-103 Ma for the unit (Stern et al., 1981) . We attempted to date the El Capitan Granite for this study (see below), but our attempts resulted in discordant data, which plotted slightly below concordia in the vicinity of 102-105 Ma, possibly indicating a combination of Pb loss and inheritance of slightly older zircons.
The Taft Granite (Calkins, 1930) has a lower color index than the El Capitan Granite and a finer-grained, equigranular texture. Most of the Taft Granite is medium grained, but some outcrops are as coarse grained as the equigranular part of the El Capitan Granite. Throughout the western half of Yosemite Valley, Taft Granite forms dikes and larger masses that sharply cut the El Capitan Granite and associated mafic rocks. The precise age of the Taft Granite is unknown. A discordant date of 95 Ma was reported by Stern et al. (1981) , and our attempts to date the Taft resulted in discordant data similar to those obtained for the El Capitan Granite.
Granite-Hosted Mafic Enclaves, Schlieren, and Pods
Mafic rocks are locally plentiful in the El Capitan pluton. Enclaves are typically ellipsoidal, dioritic, medium grained, and equigranular to porphyritic; they occur as small (ϳ0.1 m), isolated bodies and in large swarms (Fig. 3A) . Some have chilled margins. Those in the larger swarms are usually surrounded by a foliated, granitic matrix, which is depleted in potassium relative to normal El Capitan granite. Porphyritic enclaves contain plagioclase and quartz xenocrysts from the El Capitan Granite (Barbarin, 1990) . Plagioclase xenocrysts in porphyritic enclaves are essentially unzoned and have compositions (35) (36) (37) (38) (39) (40) ) similar to those of the unzoned plagioclase grains in the surrounding granitic matrix and to calcic cores within the El Capitan Granite (Table  DR6 in GSA Data Repository   1 ). Mafic enclaves, which are less common within the Taft Granite than in the El Capitan Granite, are commonly sheared and grade into schlieren.
A complete gradation in size exists from decimeter-scale gabbroic to dioritic enclaves hosted by the El Capitan Granite to mappable pods of gabbro and diorite. Mafic pods are concentrated in the El Capitan Granite west of the Rockslides cliffs and across the Merced River near the Pohono Trail (Fig. 2) . Pods of mafic rocks associated with the El Capitan Granite are typically composed of mediumgrained, equigranular to porphyritic (probably xenocrystic; see below) gabbros and diorites similar to those in mafic enclaves. Pods range in size from small bodies a few meters across ( Fig. 3B ) to larger bodies hundreds of meters across. Many of these pods are elongated parallel to the regional magmatic foliation. Some diorite pods have relatively sharp contacts against El Capitan Granite; foliation within the diorite generally parallels these contacts. Fine-grained, quenched margins at these contacts are locally present. Mafic pods are porphyritic only in smaller pods and in the marginal regions of larger pods (Fig. 3C) , although it is possible that less noticeable, smaller xenocrysts are present within otherwise equigranular varieties. Obvious xenocrysts in these rocks include rounded quartz with hornblende reaction rims, and plagioclase with core compositions that match calcic plagioclase cores within the El Capitan Granite (An ϳ40 ) (Table DR6 in Data Repository; see text footnote 1). Cores of xenocrystic plagioclase are successively mantled by a highly calcic zone (An ϳ84 ), which probably formed during magma mixing, and then by a rim of An 40 plagioclase. Groundmass plagioclase in these rocks contains An ϳ79 cores and An ϳ41 rims. The interiors of plagioclase xenocrysts contain tiny hornblende inclusions (Fig. 4) , the origin of which is uncertain, as hornblende is exceedingly rare in the granite. One possibility is that hornblende was a liquidus phase in the granite, but reacted to form biotite during cooling. However, the fact that the hornblende inclusions are identical in composition to hornblende in the groundmass of the mafic rocks suggests that these inclusions may have formed in channel-like cavities within partially resorbed plagioclase during the introduction of the xenocrysts into the mafic magma (R. Wiebe, 1999, personal communication) .
Also present within some diorite pods are irregular, foliated ''stringers'' of leucocratic biotite tonalite or quartz diorite, which commonly separate finger-like splays of hornblende diorite (Fig. 3B) . Some stringers can be traced into marginal regions of foliated, leucocratic tonalite to quartz diorite that surround mafic pods within El Capitan Granite (Fig. 3B) . These ''marginal sheaths'' are a few meters thick, and many have sharp contacts against the surrounding, coarser-grained granite. The K-depleted stringers and sheaths probably represent El Capitan Granite that interacted with the mafic magma in the liquid and solid states.
Diorite of the Rockslides Mafic Complex
The diorite of the Rockslides mafic complex (Calkins, 1930; Calkins et al., 1985) occurs in cliff-forming outcrops on the north side of the valley west of El Capitan (Fig.  5A ). The extensive talus deposits after which the unit is named are almost entirely composed of boulders derived from this unit; they offer fresher samples and more clearly exposed contact relationships than do the weathered outcrops above. An examination of the talus and outcrops indicates that the diorite constitutes a composite mafic intrusion composed of a variety of different rock types. The term ''diorite of the Rockslides'' does not refer to a restricted rock type, but to the mafic complex as a whole (Calkins, 1930) .
Much of the lithologic diversity within the diorite of the Rockslides mafic complex occupies a broad spectrum between two endmember rock types: (1) a fine-to mediumgrained, weakly porphyritic, biotite hornblende gabbro or diorite and (2) a coarsergrained, more leucocratic, equigranular, hornblende biotite quartz diorite or tonalite. Both types are largely free of pyroxene, as clinopyroxene occurs only rarely as small relict cores within hornblende. The finer-grained, more melanocratic gabbro generally occurs as mafic enclaves of various sizes within the leucocratic rock. These mafic enclaves range from randomly oriented, centimeter-scale bodies to meter-thick, pillowed layers similar to those described in other layered mafic-felsic complexes in the Sierra (Bradford, 1995; Coleman et al., 1995; Sisson et al., 1996) elsewhere (e.g., Wiebe, 1993 Wiebe, , 1996 . In loose boulders and in outcrop (Fig. 5 , B and C), meter-thick mafic layers are commonly stacked on top of each other, separated by intervening, 10-25-cm-thick septa of leucocratic, medium-grained tonalite. Outcrops and paleohorizontal indicators within loose blocks of talus (e.g., density-driven structures such as tonalite protrusions into the bottoms of mafic layers; Fig. 5D ) indicate an initially subhorizontal orientation of the gabbroic pillows and sheets within the complex. Fresh surfaces on talus reveal quenched, fine-grained margins of the gabbroic layers against the leucocratic tonalite septa. In addition to the rock types already described, rarer orbicular, rhythmically layered, and pegmatitic varieties of mafic rocks also occur within the diorite of the Rockslides mafic complex.
Contacts between that diorite and the El Capitan Granite are exposed in cliffs 0.75 km west of Ribbon Falls and outcrops 0.5 km northeast of Fireplace Bluffs. Near Ribbon Falls, gabbro has chilled against foliated, leucocratic quartz diorite, which in turn grades into weakly foliated, coarse-grained El Capitan Granite. In the exposures near Fireplace Bluffs, diorite is complexly intermingled with El Capitan Granite within a diffuse zone about 0.5 m wide. Porphyritic textures are present in the diorite within this zone but not outside it, suggesting that the feldspar ''phenocrysts'' originated as xenocrysts from the adjacent granite. Field relationships at these two locations, as well as the lack of cutting of the El Capitan Granite by dikes related to the diorite of the Rockslides mafic complex, are consistent with the hypothesis that the diorite was emplaced during the crystallization interval of the El Capitan Granite.
Mafic Dikes Exposed on El Capitan
A sizable mafic dike complex is exposed on the 900-m-high eastern wall (the ''North America Wall'') and summit dome of El Capitan (Fig. 6A) . Reid et al. (1983) grouped dikes within this large complex into two sets. The older set, which includes large xenolithic blocks of partially digested El Capitan Granite, is generally moderately dipping, lighter colored, biotite bearing and hornblende poor, and dioritic to granodioritic in composition. The younger set is steeply dipping, generally more mafic and hornblende rich but compositionally diverse, and rich in enclaves. It is composed of two large dikes: a western one shaped like the outline of North America ( Fig.  6A ) and an eastern one surrounding a large circular area of white El Capitan Granite, known to rock climbers as the ''Great Circle,'' which is separated from ''North America'' by an intervening ''Atlantic Ocean'' of El Capitan Granite. Following Reid et al. (1983) , we refer to both of these large, steeply dipping dikes as North America dikes, and we denote dikes of the older, moderately dipping set as pre-North America dikes.
Our observations at the base of the North America Wall largely confirm the interpretations of Reid et al. (1983) with regard to the field relationships of the mafic dikes and the El Capitan Granite. Pre-North America dikes exposed at the base of this wall have clearly intruded totally solidified El Capitan Granite, locally breaking off and partially assimilating blocks of granite in the process (Fig. 6B) . Some of these dikes have sharp contacts against the El Capitan Granite and contain partially mingled mafic and felsic magmas (Fig. 6C) .
The younger, North America Wall mafic dikes extend across the summit dome of El Capitan as a series of enclave-choked dikes that strike N60ЊW (Fig. 7) . Contacts with the El Capitan Granite are locally sharp (Fig. 6D ), but elsewhere are more gradational, indicating that some interaction-perhaps partial melting and assimilation-with El Capitan Granite has occurred here as well as on the North America Wall. Contacts of the mafic dikes with the Taft Granite are diffuse and characterized by broad zones in which dikes grade into highly elongate schlieren within the Taft Granite (Fig.   6E ). Mafic schlieren are also present in narrow dikes of the Taft Granite that cut the El Capitan Granite along the El Capitan Trail 0.5 km north of the summit. In some places on the summit dome, the ''dikes'' are actually planar swarms of mafic enclaves (Tobisch et al., 1997) suspended in a matrix of Taft Granite or remobilized El Capitan Granite. Enclaves in these outcrops are compositionally and texturally diverse and record a complex history of interaction between mafic and felsic magmas (Fig. 6F ). The synplutonic character of the North America dikes can be reasonably inferred from these field relationships. Calkins et al. (1985) mapped a North America mafic dike along the contact of the El Capitan and Taft Granites approximately midway between El Capitan summit and the edge of the North America Wall. Our mapping indicates that a foliated, leucocratic biotite tonalite crops out at this location. This unit displays sharp, interdigitated contacts against the El Capitan Granite, but grades into the adjacent Taft Granite. This tonalite is compositionally very similar to the biotite-rich, hornblendepoor pre-North America mafic dikes that have partially digested quantities of adjacent El Capitan Granite, and it may have formed in a similar manner. Because this unit grades into the Taft Granite and is lithologically similar to it, however, we interpret this unit as representing coeval mafic material (similar to that within the pre-North America dikes) that was mixed within the marginal part of the Taft Granite magma chamber at this location.
These field relationships suggest that the North America mafic dike complex is coeval with the Taft Granite and does not postdate it as previous workers have suggested (Calkins, 1930; Calkins et al., 1985; Bateman, 1992) . This interpretation best explains the striking spatial association of the two units on the north side of the valley, where North America mafic dikes are commonly in contact with Taft Granite and generally follow its arcuate map pattern.
GEOCHRONOLOGY Rationale
As a test of the field interpretations, five samples were selected for conventional U-Pb zircon dating: El Capitan Granite (YOS-180); coarse-grained Taft Granite (YOS-1); a melanocratic, fine-to medium-grained sample of gabbro from the diorite of the Rockslides mafic complex (YOS-23c); a leucocratic, medium-to coarse-grained diorite collected from talus below the cliffs bearing the diorite of the Rockslides mafic complex (YOS-206); and a fine-grained gabbro from the younger set of North America mafic dikes on El Capitan (YOS-104). The methods employed in our analyses are summarized in Appendix 1, and sample locations are tabulated in Table DR1 in Data Repository (see text footnote 1).
U-Pb ages for two fractions of El Capitan Granite zircons have been reported by Stern et al. (1981) : one is concordant at 103 Ma, and the other is slightly discordant at ca. 97 Ma. Only one markedly discordant fraction of the Taft Granite (ca. 96 Ma) was analyzed by Stern et al. Since this early work, improvements in the conventional U-Pb zircon technique allow more precise ages to be obtained from smaller, handpicked fractions. No previous geochronologic analyses have been carried out on the mafic rocks.
Results
Isotopic ratios and calculated ages are tabulated in Table 1 and are plotted on a conventional concordia diagram (Fig. 8) Pb ages are considerably older, ranging from 110 to 140 Ma, but there are no linear trends within individual samples for constructing meaningful discordia. Three fractions from the diorite of the Rockslides mafic complex sample YOS-206 are concordant within error at 103.5 Ϯ 0.15 Ma (MSWD ϭ 0.45, probability of concordance ϭ 0.83; method of Ludwig, 1998) . Four additional fractions from this rock form a sublinear array to the right of concordia that yields no meaningful regression. Two of these discordant fractions were analyzed at another geochronology laboratory in order to ensure that discordance is not an analytical artifact (see footnote to Table  1) . We, therefore, interpret the concordant fractions to date the crystallization of the diorite of the Rockslides mafic complex and the four other fractions to show variable effects of Pb loss and zircon inheritance from a slightly older source. Our date for the diorite of the Rockslides mafic complex is identical to the 103 Ma date obtained by Stern et al. (1981) . Our analyses from another sample of the diorite of the Rockslides mafic complex (YOS-23c), the North America diorite, the El Capitan Granite, and the Taft Granite plot just to the right of concordia at 102-105 Ma (Fig. 8) . With larger errors, it would be impossible to tell the difference between this complex discordance and concordant analyses. The pattern of discordance from all five samples suggests that inheritance of ancient (Paleozoic or older) zircons is not a major influence on the UPb systematics, but instead that Pb loss and inheritance of only slightly older (Cretaceous or Jurassic?) zircons is a common feature of Sierra Nevadan plutonic rocks. Although the four samples with only discordant analyses provide no precise age information, their true ages are likely to be in the range of 102-105 Ma, which is roughly the range for rocks related to the intrusive suite of Yosemite Valley (Stern et al., 1981) . Careful grain selection and high-precision single-grain analyses will be required to better define the ages of the other plutonic units.
GEOCHEMISTRY Rationale
In order to document the whole-rock compositions of the major rock types that comprise the intrusive suite of Yosemite Valley and to develop petrogenetic hypotheses, 39 fresh samples were analyzed for major element, trace element, and isotopic compositions. Methods employed for the analyses are described in Appendix 2, and the complete data set is available (Tables DR2, DR3 , and DR4; see text footnote 1).
Major and Trace Elements
Sampled plutonic rocks associated with the intrusive suite of Yosemite Valley range from 49 to 76 wt% SiO 2 (representative data in Table 2). On SiO 2 variation diagrams, trends in most major elements across the suite are clearly nonlinear (Fig. 9 ). For Al, Na, and K, in particular, breaks in slope occur at ϳ65-70 wt% SiO 2 , the approximate lower limit of the El Capitan and Taft Granites. Linear trends within the data are limited to the granites and to the mafic dikes exposed on El Capitan. Considerable scatter characterizes mafic samples collected from the diorite of the Rock- slides mafic complex and smaller pods, a feature observed in other mafic complexes in the Sierra Nevada (Sisson et al., 1996) .
Not surprisingly, Cr and Ni contents of the mafic rocks ( Fig. 10 ; representative data by DCP-AES [direct current plasma-atomic emission spectrometry] in Table 2 ) are low compared to values appropriate for primitive arc basalts. Sr contents for noncumulate mafic rocks are in the 400-600 ppm range and do not reach the high values (ϳ650-800 ppm) attained by hornblende gabbros in the Goodale Canyon and Onion Valley mafic complexes in the eastern Sierra Nevada (Bradford, 1995; Sisson et al., 1996) , suggesting that the Yosemite mafic rocks are more geochemically removed from their mantle source(s). Elevated contents of Ba, Sr, and LREEs (light rare earth elements) characterize the interlayer septa in the diorite of the Rockslides mafic complex and the marginal sheaths associated with the contacts of mafic pods against granite. Among the granites, Taft Granite sample YOS-210 is notable for its low concentrations of Ba, Sr, and the REEs compared to the other granitic samples.
Radiogenic Isotope Ratios
Initial Sr and Nd isotope ratios (corrected for radiogenic growth since 103 Ma) for all rock types are similar ( Fig. 11 ; representative data in Table 2 Sr) i ratios (0.7071-0.7072) and lower ⑀ Nd (t) values (-4.6 toϪ7.0) than the granites (0.7065-0.7066; Ϫ5.5 toϪ5.9). This trend is opposite to that observed in the nearby Tuolumne Intrusive Suite, for which the most silicic compositions have the most isotopically evolved compositions (Kistler et al., 1986; Coleman and Glazner, 1997) . However, the range in isotopic variability across the compositional range of the intrusive suite of Yosemite Valley is still quite small (Fig. 11) . Similar flat trends in initial isotopic compositions versus SiO 2 have been reported for plutonic rocks associated with the Lamarck Granodiorite (Coleman et al., 1992) , the Goodale Canyon complex (Bradford, 1995) , and the mafic complex at Onion Valley (Sisson et al., 1996) . These trends contrast with the significant isotopic variation exhibited by the Fine Gold Intrusive Suite, whose ⑀ Nd (t) values span six units (Truschel, 1996) , and by the Tuolumne Intrusive Suite, whose ⑀ Nd (t) values span seven units (Kistler et al., 1986; Coleman and Glazner, 1997) .
In terms of Pb isotopes, plutonic rocks of the intrusive suite of Yosemite Valley plot at the radiogenic, upper end (high 206 Pb/ 204 Pb) of the field for Sierra Nevada granitoids (Chen and Tilton, 1991) . Like the Sr and Nd data, the Pb isotope data are fairly homogeneous ( Fig. 12 ; representative data in Table 2) than many of the mafic rocks associated with the intrusive suite of Yosemite Valley.
DISCUSSION

Emplacement of the Intrusive Suite of Yosemite Valley
Mafic-felsic interaction in the intrusive suite can be divided into two stages, early and late, on the basis of the crystallinity of the El Capitan Granite with which the mafic magmas came into contact. In the earlier stage, a partially molten El Capitan Granite carried and/ or was invaded by abundant mafic magmas, which now form scattered enclaves, enclave swarms, small mafic pods, and the mafic complex represented by the diorite of the Rockslides mafic complex. Evidence of mafic-felsic mingling during this stage is provided by the leucocratic rocks (septa, stringers, and marginal sheaths) associated with the mafic rocks. Other workers have interpreted leucocratic septa as volumes of granitic mush that lost liquid by filter pressing after being trapped between mafic layers (e.g., Wiebe, 1993 Wiebe, , 1996 . Field and geochemical evidence (presented subsequently) support this conclusion for the origin of both the leucocratic septa within the diorite of the Rockslides mafic complex and the stringers within the mafic pods.
The later stage of mafic-felsic magmatism occurred after solidification of the El Capitan Granite and accompanied intrusion of the Taft Granite. The mafic magmas included in this stage are represented by the mafic dikes and planar enclave swarms exposed on El Capitan. Field and geochemical evidence (Reid et al., 1983 ; this work) suggests that these dikes partially melted solidified El Capitan Granite, producing hybrid rocks. In addition, field observations on the summit dome of El Capitan suggest that other hybrid rocks produced during this stage were probably a result of magma mingling and mixing between coeval mafic magma and Taft Granite.
Suite-Wide Trends
The nonlinear variations among the rocks of the intrusive suite of Yosemite Valley rule out large-scale magma mixing as an explanation for the chemical variation within the granites (sensu stricto), because the granites do not project toward likely coeval mafic liquids, particularly those represented by the chilled, fine-grained, mafic layers in the diorite of the Rockslides mafic complex (Fig. 9) . Similarly, the highly scattered compositions of the mafic rocks defy a simple two-component mixing process involving a coeval granite magma such as the El Capitan or Taft Granite. It is likely therefore that some of the scatter among the mafic rocks results from crystalliquid fractionation and/or more complex mixing behavior.
Granites
The mineralogic and isotopic similarity of the El Capitan and Taft Granites strongly suggests that these units are genetically related. The possibility that the variation within the granites represents varying degrees of partial melting from one homogeneous source is ruled out by the fact that the Taft Granite is the younger and more evolved of the two. The Taft may represent a smaller degree of partial melting of a similar source, partial melting of a more silicic source, or perhaps derivation by the separation of melt from early-formed solid phases within a crystalline mush of El Capitan Granite. A process of crystal-liquid fractionation may also be responsible for the chemical variation within the El Capitan Granite, which trends toward the Taft Granite on major element variation diagrams (Fig. 9) as well as on a modal plagioclase ϩ biotite ϩ (quartz ϩ Kfeldspar) diagram (Fig. 13) .
Our attempts to model fractionation of low- silica El Capitan Granite to produce Taft Granite liquid by simple models of fractional, equilibrium, and in situ crystallization were largely unsuccessful (Ratajeski, 1999) . For a parental liquid, we used typical low-silica El Capitan Granite, and for a daughter liquid, we used typical Taft Granite. Because of the possibility that the magmas may have lost liquid by filter pressing during solidification, however, the use of common whole-rock compositions in the modeling is not without problems and may explain some of the negative results. Unambiguous samples of the original granitic liquids, such as might be found at quenched margins of dikes or plutons, were not identified in the intrusive suite of Yosemite Valley, and until they are, our hypothesis that the Taft and El Capitan Granites are genetically related remains untested.
Mafic and Associated Minor Leucocratic Rocks
Some of the scatter among the mafic rocks on the major element diagrams may be attributed to the fact that some of these samples are cumulates, but distinguishing liquid compositions from cumulates is difficult except for the most obvious cases. For example, diorite of the Rockslides mafic complex sample YOS-95b, interlayer leucocratic septum YOS55b, and marginal sheath YOS-103b all have elevated modal plagioclase and high Al 2 O 3 , suggesting that they are partly composed of cumulate plagioclase. Obvious hornblende cumulates are generally lacking from the data set, as no samples greatly depart from the chilled mafic layers (representing the original liquids) toward the hornblende apex on modal plagioclase ϩ hornblende ϩ biotite diagrams (Fig. 13) . Except for the plagioclase cumulates in rocks at mafic-felsic contacts, obvious cumulates are few, and we conclude that extreme crystal fractionation is not a common feature within the mafic rocks associated with the intrusive suite of Yosemite Valley.
Evidence for the trapping of volumes of coeval granitic material within the diorite of the Rockslides mafic complex is provided by the leucocratic interlayer septa. On a modal plagioclase ϩ biotite ϩ (quartz ϩ K-feldspar) ternary diagram, these rocks, along with other leucocratic samples from stringers and marginal sheaths around mafic pods, define a linear array that projects away from the quartz ϩ K-feldspar apex, almost reaching the mafic end of the range displayed by the El Capitan Granite (Fig. 13) . These rocks probably represent partially crystalline El Capitan Granite magma that was trapped during injection of mafic magmas at the base of a magma chamber (Wiebe, 1993 (Wiebe, , 1996 . Bulk mixing between mafic liquids (modeled by the finegrained mafic layers) and felsic liquids (modeled by samples of El Capitan Granite) does not produce the compositions of the leucocratic septa or the marginal sheaths. Rather, the linear trend on the modal diagram probably reflects some combination of (1) loss of silicic melt by filter pressing prior to or during injection and compaction of the mafic layers, (2) selective exchange of mobile alkalis between the felsic and mafic magmas (Wiebe, 1996) , and (3) varying degrees of mafic component acquired during mingling. The cumulate nature of these rocks is suggested by their elevated Sr contents (which is compatible in plagioclase), yet these rocks also preserve an enriched LREE signature, possibly indicating that filter pressing took place in the presence of LREE-rich trace phases, which remained behind in the solid residue. This idea is supported by the identification of abundant apatite, sphene, and allanite within interlayer septa samples YOS-105b and YOS-109b.
The origin of the mafic dikes on El Capitan can be addressed with the major and trace element data. On the basis of field observations and major element geochemistry, Reid et al. (1983) hypothesized that mixing of mafic magmas similar to those of the North America dikes with alaskitic partial melts of El Capitan Granite host rock could explain the origin of the biotite-rich, ''pre-North America Wall'' dikes of the first injection phase. Our major element data are consistent with this interpretation, but our limited REE analyses indicate that if this mixing process occurred, it did not result in rocks with REE patterns intermediate between the mafic and felsic end members of the suite: among the two pre-North America dikes sampled, one has an elevated LREE signature similar to the granites, and one has a less enriched signature similar to the diorite of the Rockslides mafic complex and North America dikes (Fig. 10) . The REE data suggest that while El Capitan Granite was interacting with the margins of the dike complex, it retained most of its REEs (probably in unmelted trace phases) and therefore did not contribute a large amount of REEs to the partial melts, which consequently mixed with the mafic magmas. Similarly, interaction of North America mafic dikes with Taft Granite on the summit dome of El Capitan also did not result in rocks with intermediate REE patterns: our single analysis of biotite tonalite YOS-67 results in LREE values as enriched as most El Capitan and Taft Granite samples. As for other petrologic processes, evidence for minor crystal fractionation within the North America dike complex is not very great, as only one anomalously hornblende-rich sample (YOS-214) is present in the data set.
Petrogenesis
Perhaps the most striking aspect of the geochemical data is the rather small amount of isotopic variability that characterizes the intrusive suite of Yosemite Valley across its entire petrologic range. Coleman et al. (1992) and Coleman and Glazner (1997) have interpreted isotopic variations within intrusive suites of the Sierra Nevada as reflecting different roles of ancient continental crust. For suites that show significant isotopic contrast as well as inheritance in zircon systematics (e.g., Tuolumne), the involvement of significant amounts of preexisting, ancient crust is implicated. In contrast, a relatively small role for preexisting crust is implicated for isotopically homogeneous suites with few inherited zircons. Coleman et al. (1992) raised the possibility that most of the Lamarck Granodiorite could have been extracted relatively rapidly from an enriched mantle source with ( 87 Sr/ 86 Sr) i ratios of ϳ0.7065 and ⑀ Nd (t) of ϳ-4.5. Granitic rocks of the intrusive suite of Yosemite Valley have essentially this composition, which permits a similar source. However, as noted by other workers (Ben Othman et al., 1989; Beard and Johnson, 1997) , Sr and Nd isotopes are often not sufficient to distinguish among the various processes that can result in enriched isotopic compositions, e.g., crustal contamination of mantle magmas, mantle enrichment by sediment subduction, and foundering of crustal rocks into the mantle (e.g., Beard and Glazner, 1995) .
In Figure 12 , we plot several compositional fields representing Pb isotope reservoirs that may have been relevant to the genesis of the intrusive suite of Yosemite Valley, including subducted marine sediments, ancient metasedimentary rocks, and enriched lithospheric mantle. Pb isotope compositions of intrusive suite rocks are far removed from those of marine sediments, suggesting that subducted sediments are not a likely source for Pb in the intrusive suite. In contrast, ancient metasedimentary Pb is a more likely component in the intrusive suite samples, as most of the samples fall within or close to the Type II Pb province of Zartman (1974) , a region that spans much of north-central Nevada and contains great thicknesses of miogeoclinal sedimentary rocks derived from Precambrian sources.
Whether this metasedimentary component was added by contamination of mantle-derived magmas (perhaps within the lower crust) or by direct contamination of the upper mantle itself (by foundering of crustal rocks into the mantle at some time in the remote past) is unknown, but the fact that the Sr, Nd, and Pb isotope compositions become less crust-like with increasing SiO 2 argues against contamination of primitive mafic magmas by a highsilica, ancient crustal component. son, 1997), which, along with ultrapotassic basaltic lavas in the Sierran region (Van Kooten, 1981) , are believed to have originated from an enriched, lithospheric mantle (Ormerod et al., 1988; Menzies, 1989) . The isotopic proximity of the western Yosemite Valley plutonic rocks and the Western Great Basin basalts may hint at an enriched-mantle component in the granites and gabbros of the intrusive suite of Yosemite Valley, and involvement of metasedimentary Pb in this process would seem to be implicated by the Pb isotope data. The broad isotopic similarity between the Yosemite Valley granites and mafic rocks suggests that these rock types are related petrogenetically. One possibility that is consistent with the geochemical data is that a parental, granodioritic melt (e.g., a melt similar in composition to YOS-61) was produced by partial melting of relatively young, LILE-enriched mafic rocks in the lower crust (Fig. 14) . Because the El Capitan Granite is associated with coeval gabbroic rocks (mafic enclaves, mafic pods, and the diorite of the Rockslides), it is conceivable that the intrusion of the mafic magma caused the partial melting event that in turn produced the granite. Experimental partial melting of a hornblende gabbro from the diorite of the Rockslides mafic complex at 800-825 ЊC and 8 kbar (with no added fluid) produces partial melts similar in composition to low-silica El Capitan Granite (Ratajeski and Sisson, 1999) , a preliminary finding that lends support to the model just outlined.
As shown by Coleman et al. (1992) , the Lamarck Granodiorite provides a similar example of isotopic near-homogeneity among coeval mafic and felsic plutonic rocks. The isotopic composition of the Lamarck is very similar to that of the intrusive suite of Yosemite Valley (Fig. 11) , which raises the possibility of a similar source for both intrusive suites. However, there is an important difference between the two suites: the Lamarck contains large amounts of intermediate magma (granodiorite), which appears to have been produced by mixing of mafic and felsic magmas at a fairly early or deep stage (Frost and Mahood, 1987; G. Mahood, 2000, personal communication) . A later stage of mafic-felsic magmatism produced several small mafic plutons, which are locally mingled with the Lamarck Granodiorite, but on the whole are still largely unhybridized with it. This later stage of maficfelsic magmatism is very similar to that inferred for the intrusive suite of Yosemite Valley, during which coeval mafic and felsic components remained largely unhybridized. The record of mafic-felsic magmatism in the intrusive suite of Yosemite Valley and other complexes in the Sierra Nevada underscores the considerable variability in the spatial and temporal scales of mafic-felsic interaction within arcs.
CONCLUSIONS
1. The intrusion of the Yosemite Valley suite involved two probably closely timed pulses of mafic-felsic magmatism. The first stage yielded the El Capitan Granite and mafic magmas that comprise scattered enclaves, enclave swarms, small pods, and the diorite of the Rockslides mafic complex. The second stage yielded the Taft Granite and the mafic dike swarm exposed on El Capitan.
2. Mingling of mafic and felsic magmas has produced biotite-rich, leucocratic quartz diorites to tonalites, which form thin septa between mafic layers in the diorite of the Rockslides mafic complex, irregular masses within mappable pods of mafic rocks, and contact zones between mafic rocks and the El Capitan Granite. Modal and geochemical data suggest that some of these leucocratic rocks are plagioclase-rich cumulates. On the North America Wall of El Capitan, some areas of the El Capitan Granite interacted with a large mafic dike complex and partially melted but at lowenough temperatures to prevent REE mobilization into adjacent mafic magmas.
3. Initial isotopic compositions of the mafic and felsic rocks are very similar; the mafic rocks exhibit only slightly more enriched compositions than the granites. This observation argues against contamination of unevolved mafic magmas by ancient continental crust, but could be reconciled with a two-stage process whereby melting of an enriched mantle (perhaps enriched by foundering of ancient continental crust) produced mafic rocks, which were remelted a short time later during a subsequent pulse of mafic magmatism.
CRETACEOUS INTRUSIVE SUITE OF YOSEMITE VALLEY, CALIFORNIA concentration range of the unknowns. For runs consisting of mafic samples, standards included five of the following: AGV-1, BIR-1, DNC-1, MAG-1, SDC-1, and STM-1. For runs analyzing intermediate to silicic rocks, standards included granite standard G-2 and/or rhyolite standard RGM-1, plus four standards from the preceding list. Along with one of the standards, each sample was analyzed several times (three to four times for major elements and four times for trace elements), accounting for instrumental drift, and means and standard deviations were computed after anomalous data points were discarded. The whole-rock major element data were used in conjunction with microprobe analyses of constituent phases to determine precise modal abundances by mass balance.
Trace element concentrations were also obtained for several samples by instrumental neutron activation analysis (INAA) at Oregon State University and by inductively coupled plasma-mass spectrometry (ICP-MS) at Duke University. Multiple elements (including REEs) were analyzed by these methods. The reproducibility of the ICP-MS analyses, as judged by replicate dissolutions, is Ϯ1%-3% for REE and Ϯ1%-6% for other elements (Klein and Karsten, 1995) . ICP-MS analyses of Zr and Hf resulted in extremely depleted concentrations in standard G-2 relative to their accepted concentrations, an effect that probably resulted from incomplete dissolution of minor, refractory, trace element-rich phases like zircon. As a result, Zr and Hf data by ICP-MS are not included in this study. One-standard-deviation uncertainties for the INAA analyses are generally less than 10%.
Rb, Sr, Sm, and Nd isotope compositions were obtained for selected whole-rock samples, and Pb isotopes were obtained from feldspar separates, by using the techniques described by Miller et al. (1995) and Fullagar et al. (1997) . All isotopic analyses were performed with the eight-collector VG Sector 54 mass spectrometer at the University of North Carolina. Sr isotope compositions were normalized to
